Introduction
Cryptococcus neoforrnans is the commonest fungal pathogen to infect the human central nervous system (CNS) [l] . Cryptococcosis is increasing because of an ever rising population of immunocompromised patients, especially those with acquired immune deficiency syndrome (AIDS). It has been observed that in patients with AIDS, the clinical course and outcome of CNS cryptococcosis is unique [ l , 21. Also, the incidence of cryptococcosis in AIDS patients in developing countries is much higher than that reported in developed countries [3] .
Materials and methods
This study was conducted at the National Institute of Mental Health and Neurosciences Hospital which is the largest neuropsychiatric centre in India. It was retrospective and included all patients diagnosed as having cryptococcal meningitis over a 17.5-year period (Jan. 1978 -June 1995 . During this period, 85 culture-proven mycoses of the CNS were encountered at this centre.
Cryptococcal infections predominated, accounting for 70.5% (n = 60) and there were 10 cases of aspergillosis, nine of zygomycosis and six of chromoblastomycosis. The diagnosis of cryptococcal meningitis was based on clinical features of chronic meningitis and laboratory findings such as demonstration of cryptococci by India ink staining and isolation of C. neoforrnans from the CSF or brain tissue. Clinical data and predisposing factors were recorded.
Laboratory procedures
All the CSF samples were analysed macroscopically for colour, turbidity and 'cobweb' formation and microscopically for the cell count with Neubauer's counting chamber. An India ink preparation of all the CSF samples was made to visualise the capsulate forms of cryptococci. Cytospin preparations were made whenever sufficient CSF was available, and the deposit was stained with Leishman's stain to look for budding yeast forms, pattern of inflammatory cell response and the presence of any malignant cells. Fungal cultures of all samples were performed with Sabouraud's dextrose agar (SDA). The cultures were incubated at 37°C and 25-27°C. The latex agglutination test (LAT) (LatexCrypto Antigen Detection System, Immuno-Mycologics, Oklahama, USA) for detection of cryptococcal capsular polysaccharide antigen in the CSF was 
Laboratory findings
CSF analysis was performed in 58 cases for a definitive diagnosis. In two cases where the clinical presentation was suggestive of a space-occupying lesion, the diagnosis was based on culture and histopathological examination of resected tissue. CSF was observed to be clear in 63% of the cases, but hazy in 35%. CSF leucocyte counts were within normal limits in 23.6% of patients and elevated in 76.4%. The CSF cell counts ranged from 0 to 1200 cells/mm3, with a mean cell count of 227.7 cells/mm3. The predominant cell type was lymphocyte (30 of 55 cases) but both lymphocytes and neutrophils were observed in 23 and neutrophils only in two cases. Capsulate yeast forms were also seen in the counting chamber in some cases. In twelve patients the India ink preparations were negative for cryptococci on initial CSF examination but other methods such as culture, cytospin and cryptococcal LAT gave positive results. Fungal culture was positive in all cases within 72 h of inoculation, except for three cases where growth was observed only after 7 days. Of these three cases, the India ink preparation was positive in two and the third had a positive cryptococcal antigen test. All the isolates were identified as C. neoformans based on their moist, creamy appearance on SDA (both at 25" and 37"C), the capacity to produce phenol oxidase on caffeic acid agar, and urease production on Christensen's urea medium. In 10 patients, cryptococci were also isolated from other body fluids (urine, six; blood, five; gastric lavage, four and sputum, five).
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The LAT for cryptococcal capsular polysaccharide antigen was performed in 36 cases and gave positive results in 35. In one case the antigen could not be detected, although India ink preparation and fungal culture were positive. The presence of immune complexes (according to the manufacturer's procedure) and prozone phenomenon were ruled out in this case, which may suggest that it was a very early infection.
Analysis of repeat samples of CSF in patients revealed the persistence of pleocytosis with a lymphocytic predominance for up to 4 weeks. India ink preparations gave negative results in the initial culturepositive CSF samples of 12 patients but became positive in all these patients subsequently, either in the second (n = 8) or third sample (n = 4). In 26 patients from whom more than two CSF samples were available, cryptococci were found to persist microscopically in 22 cases, despite appropriate therapy.
Thirty-six patients were treated with amphotericin B and 5-flucytosine whilst 10 received fluconazole in addition to amphotericin B. The remaining 14 patients did not receive any antifungal therapy because they were discharged before a fungal aetiology was established. Amphotericin B was given as an intravenous infbsion at a dose of 1 mg/kg/day. 5-Flucytosine was administered orally (1 50 mg/kg/day). In some patients, hyaluronidase ( 1500 unitdweek) was given intrathecally as an adjuvant [5] to anti-tubercular and antifungal therapy. The observation of four consecutive CSF samples negative for cryptococci by culture was taken as the criterion for stopping anti-fungal treatment.
Table 2. Comparison of clinical and laboratory parameters HIV infection

Outcome
Of the 60 patients, 23 succumbed to the illness whilst on anti-fungal treatment or before specific treatment could be initiated, and an autopsy was performed on 12 of them. The final clinical outcome was not available in 14 patients as they were discharged before a fungal aetiology could be confirmed, or they left the hospital against medical advice. In 23 patients who survived the infection, 14 improved on treatment while nine showed little or no improvement in their clinical status.
To investigate the modulating role of HIV infection on the clinical course and outcome for patients with cryptococcal meningitis, the following parameters were compared between those with and without HIV infection: CSF cell response, direct microscopy by India ink method, cryptococcal antigen in the CSF, culture of cryptococci from extra-neural sites, presence of other associated systemic infections and final clinical outcome (fatal versus non-fatal). This analysis was restricted to 41 of 60 patients in whom HIV testing was performed. As evident from Table 2 , there were significant differences between these two groups with respect to CSF cell response (p = 0.012), culture of cryptococci from extra-neural sites (p = 0.008) and a fatal outcome (p = 0.05).
Discussion
Cryptococcosis has been described as an opportunist infection but is also known to affect apparently healthy individuals [6] . In the present series, 36 patients had predisposing or associated conditions amongst which HIV infection predominated (Table 1) . HIV infection was first detected in India in 1985 and since then has spread rapidly, particularly in the last 5 years. According to a recent report from the National AIDS Control Organisation, India (July 1999, there are over 19432 detected HIV infections in this country, the seropositivity rate being 0.73%. Of these, 1891 have developed AIDS. Figures in parentheses indicate the number of patients evaluated for each parameter. NS, not significant; f, positive; -, negative. *A Fisher's exact probability test was used.
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The success of laboratory confirmation of CNS cryptococcal infection achieved in the present study is attributable to the use of three laboratory methodsdirect microscopy, culture and antigen detection. Every patient clinically diagnosed with chronic meningitis should be screened for fungal infections by rapid methods, although fungal culture remains the gold standard. Specimens should be incubated for 2 weeks before being reported as negative. Amongst the rapid methods, the LAT for polysaccharide antigen is highly sensitive and specific [7, 81 and is useful both in detecting C. neoformans infection and in monitoring response to therapy. False negative CSF LAT has been reported [9] and occurred in settings of low cryptococcal antigen concentrations which are more likely to be associated with non-AIDS case [lo] . This can result in delayed diagnosis and therapy. A negative LAT result does not exclude the diagnosis of cryptococcal infection [lo] and it is strongly recommended that fungal cultures should also be performed.
Quantitative studies of antigen titres in patients on treatment were not done in this study for economic reasons. However, a decrease in the grade of agglutination was noted in the non-HIV cases responding to therapy, unlike the HIV group where no change was observed despite adequate therapy.
The presentation of HIV infected patients with C. neoformans meningitis is characterised by the lack of meningeal signs, diminished inflammatory response, positive India ink smears, positive LAT for cryptococcal antigen, and the isolation of cryptococci from extra-neural sites [2, [11] [12] [13] . The CSF indices (cell count, protein and glucose) are almost always abnormal in non-HIV patients with cryptococcal meningitis while they may be normal or only mildly abnormal in patients with AIDS. In all patients, organism-specific studies on CSF -India ink preparation and cryptococcal antigen -are usually positive, indicating an increased fungal load with diminished host response [l, 131. This study confirmed ( Table 2 ) that a poor CSF cellular response of < 20 cells/mm3 was more common in the HIV-positive group (p = 0.012); however, there was no difference in the India ink positivity between the two groups. The greater frequency with which C. neoforrnans was isolated from extra-neural sites in the HIV positive group was also significant, as reported by others [2, 1 1, 13, 141. Mortality was higher in the HIV infected group of patients as compared to the HIV negative group (p = 0.05) despite prompt anti-fungal therapy.
Although not significantly different, it was observed that the occurrence of other associated systemic infections, especially tuberculosis, was more frequent in the HIV-positive group (72%) than in the negative group (48%). This finding has not been reported previously from developed nations [2, 12, 131. Tuberculosis is the commonest secondary infection in AIDS patients in India [14] and, therefore, it is not surprising that it was seen more often in the HIVpositive group. One hundred years after the discovery of C. neoformans, mechanisms of virulence remain unresolved. Advances in methods of diagnosis, development of vaccines and improved anti-fungal therapy will probably help to control this epidemic of cryptococcosis.
